The antimicrobial properties of essential oils, terpineol, and orange oil, in particular, varied according to the type of bacteria tested. Terpineol and other terpeneless fractions of citrus oils appeared to have greater inhibitory effect on food-borne bacteria than the other citrus oils or derivatives. Gram-positive bacteria were, in general, more sensitive to essential oils than gram-negative bacteria. Terpineol extended the shelf life of commercially pasteurized skim milk, low-fat milk, and whole milk for more than 56 days at 4 C. Orange oil extended the shelf life of skim milk and low-fat milk for the same period.
The use of antimicrobial agents to kill bacteria in processed food or at least to inhibit growth of bacteria could, in conjunction with the prevention of contamination and adequate detection methods, help control the wholesomeness of food.
As early as 1924, Schobl (21) and Schobl and Kusama (22) compared the disinfecting power of chaulmoogra oil with that of vegetable and animal oils. Maruzzella and co-workers (8) (9) (10) (11) (12) (13) extensively studied the potential of essential oils as antimicrobial agents in perfumes and cosmetics or against wood pathogens.
Piacentini (18) reported that essential oils of bergamot, orange, and lemon are more antiseptic than phenol. Hahn and Appleman (4) studied the role of orange oil in the microbiological quality of frozen orange concentrate, whereas Murdock and Allen (14) showed that the addition of orange oil or d-limonene increases the preservative properties of sodium benzoate. Marth (7) (19) found that liquid seasonings containing emulsified essential oils have little or no antibacterial action, because partitioning between the oil and aqueous phases reduces the concentration of the antiseptic constitutent of the essential oil.
Essential oils are used for flavoring in food and are generally accepted by the Food and Drug Administrations as additives in certain type of foods.
Gunther (3) reported that, because of the complexity of essential oils, no general statement can be made as to their antimicrobial properties. Furthermore, Subba et al. (24) and Dupaigne (1) showed that the degree of inhibition of bacterial growth by citrus oils varies considerably with the bacteria tested.
According to Ingram et al. (5) , an ideal antimicrobial agent in food should be effective, not only against food-poisoning and food-infecting species, but also against spoilage organisms. This paper reports the antimicrobial properties of some citrus oils and derivatives on a number of common food-borne bacteria. Furthermore, the use of citrus oils in fluid milk products to increase their shelf life also will be discussed. As with the Salmonella group, terpineol completely inhibited the growth of all tested bacteria and totally reduced their initial inoculum with the exception of Serratia marcescens, against which the effect was 89% inhibition of growth.
MATERIALS AND METHODS

Source
Pseudomonas and gram-negative food spoilage organisms. Orange oil in all cases inhibited the growth ofbacteria (10 to 100 %); the initial inoculum of one strain of P. fluorescens was completely killed, whereas a 75% reduction occurred in the initial inoculum of a P. aureginosa. Terpineol inhibited the growth of bacteria in various degrees (94 to 100%). Terpineol was less effective in reducing the initial bacterial load of Pseudomonas species and Achromobacter, as well as that of most of the gram-negative spoilage psychorphilic organisms isolated from milk and dairy products, than against the Enterobacteriaceae.
Gram-positive bacteria. Orange oil completely inhibited the growth of various strains of S. aureus. The reduction of initial inoculum was more variable and ranged from 0 to 100%. Orange reduced the initial inoculum of Bacillus subtilus by 100% and B. cereus by 98%. Terpineol completely killed the initial inoculum of all tested gram-positive bacteria.
Use of essential oils to extend the shelf life of milk. Fruit-flavored milk products are not new. Gudnason et al. (2) indicated that their acceptability is good. Some, like Gudnason et al. (2) , have used syrup and commercial fruit juice concentrate for their fruit-flavored milk; others like Kosikowski (6) have used fruits or fruit concentrate as flavoring for buttermilk.
We established earlier in this paper that essential oils such as orange oil or terpineol dispersed in a liquid medium inhibit the growth and even, in some cases, reduce the initial bacterial load of a variety of food-borne pathogens and spoilage organisms. The possibility of a new type of fluid milk product flavored with essential oil and with extended shelf life was tested.
Commercially pasteurized fluid milk products, purchased from retail outlets in the Beltsville, Md. area, were homogenized with terpineol to a final concentration of 1,000 ,liters per liter and stored in sterile containers for 52 days at 4 C. At regular intervals, the bacterial population was estimated by plating on PCA and incubating at 20 C for 72 hr. The effect of terpineol on fluid miilk products stored at 4 C varied with the fat content of the product tested. For skim milk, the difference in viable count between milk with and without terpineol after 42 days of storage was 7 log cycles; for low butterfat milk (2% B.F.), the difference was 4 log cycles; for whole milk (3.5% B.F.), the difference was 3 log cycles; finally, there were no differences in bacterial estimate for half cream-half milk (12% B.F.) and for chocolate milk.
When orange oil was mixed with various milk products to a final level of 1,000 ,uiters per liter and then incubated at 4 C for more than 52 days, the differences in counts between the control and the samples were of a lower magnitude than those obtained with terpineol. For instance, no difference was obtained in counts for whole milk (3.5 % B.F.). One or two log differences were obtained for skim milk or 2% B.F. fluid milk. As with terpineol, no difference was present in chocolate milk.
Taste panel evaluation of the milk products after 16 days of storage at 4 C indicated that the milk products with orange oil were favored over those without the oil. Whole milk and chocolate milk, with or without orange oil, curdled on the 28th day and were removed from the storage test.
All the other milk products tested after 28 days were categorized as "spoiled" when stored without orange oil, whereas those with orange oil were judged "acceptable." After 60 days at 4 C, skim milk mixed with orange oil did not present characteristic signs of spoilage. After 73 days of storage, a slight odor described as "stale" or "unclean" was detected.
Terpineol, although more effective than orange oil in controlling bacterial population of commercially pasteurized milk, gave the milk a strong "medicinal" flavor which was not acceptable to our taste panel.
A large number of essential oils and derivatives were dispersed in skim milk and presented to our panel, who selected only orange, lemon, and grapefruit oils as "acceptable." Comments indicated that the traditional "chalky" taste of skim milk was improved by the addition of these oils. The mechanism of the antimicrobial effect of essential oils is not known, although lipid solubility and surface activity of the oils at the surface of the bacteria have been implicated (15, 20) . The addition of citrus oils to milk, in addition to improving the shelf life, offers the possibility of introducing a wide range of new flavors to milk products.
